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I.  THE  ECLIPSING  BINARY  SIGMA  AQUILAE. 

The  variable  radial  velocity  of  (TAquilae  (K.  R,  7474, 
magnitude  5,17,  spectrum  B8 ) was  discovered  at  Mt.  Wilson  in  1913, 
and  the  spectroscopic  orbit  was  published  by  Jordan  in  1916,^* 
Jordan  pointed  out  that  the  large  value  of  K suggested  an  eclipsing 
system. 

The  spectra  of  both  components  appear  on  the  plates  of 
this  star.  Eclipsing  binaries  showing  both  spectra  are  the  rare 
and  favorable  oases,  since  by  combining  the  spectroscopic  data  with 
that  from  a good  light-curve  the  dimensions  of  the  system  and  the 
masses  of  the  bodies  can  be  found, 

A short  series  of  photometric  observations  was  made  on 

this  star  by  Dr,  Elmer  Dershem  at  the  University  of  Illinois  in  the 

summer  of  1918,  The  reduction  of  these  showed  variation  in  light, 

which  was  announced  by  Professor  Stebbins  at  the  tv^enty- third  meet- 

2 

ing  of  the  American  AS'tronomical  Society. 

A second  series  of  observations  was  begun  in  June  1930  by 
Professor  Stebbins  and  myself.  This  was  carried  to  the  middle  of 
October  at  which  time  ninety-seven  observations,  about  equally 
divided  between  the  two  observers,  had  been  secured. 

With  two  or  three  exceptions  each  of  these  observations 
is  the  mean  of  three  complete  sets  of  measures,  a set  consisting  of 
two  readings  on  the  comparison  star,  four  on  the  variable,  and  then 
two  more  on  the  comparison  star.  Throughout  the  series,  33 
Aquilae  (H.  R.  7303,  magnitude  5.40,  spectrum  Ao)  was  used  as  the 

^ Publications  of  the  Allegheny  Observatory  3,  189,  1916, 

^ Publications  of  the  American  Astronomical  Society,  4, 
115,  1919.  " 
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comparison  star. 

The  differential  correction  for  atmospheric  extinction  be- 
tween (T  Aquilae  and  33  Aqullae  was  taken  from  tables  based  on  those 

M 

in  Mdller's  Pho tome trie  der  Qestlrne.  It  was  less  than  0.015  from 

li  h 

sidereal  time  17.4  to  31.0,  and  few  measures  were  taken  outside  this 
limit.  The  correction  to  be  applied  was  determined  by  multiplying 
the  tabular  value  by  a factor  depending  on  the  transparency  of  the 
sky,  which  was  obtained  in  two  ways:  first,  from  the  light  effect  of 
33  Aquilae  on  the  instrument,  corrections  for  instrumental  variation 
having  been  applied;  ajid  second,  from  the  observer's  estimate  at  the 
time  of  making  the  observation.  The  second  method  may  seem  some- 
what crude,  but  the  work  at  this  observatory  indicates  that  the  esti- 
mate of  an  experienced  observer  deserves  about  the  same  weight  as  a 
result  obtained  by  the  first  method.  The  factor  for  each  obser- 
vation was  obtained  by  the  two  independent  methods  and  the  mean  used. 
The  two  stars  are  of  nearly  the  same  spectral  type,  and  as  obser- 
vations with  large  extinction  have  been  rejected  or  given  half  weight, 
errors  due  to  uncertainty  in  this  correction  should  be  small. 

The  times  were  reduced  to  the  sun,  and  the  residuals  from 
an  approximate  light-curve  plotted  using  the  total  atmospheric  ex- 
tinction on  cr Aquilae  as  abscissae.  From  this  plot  of  the  residu- 
als it  was  decided  to  reject  observations  with  an  extinction  greater 

M M 

than  0.35,  Those  with  an  extinction  between  0,18  and  0,35  were 

given  half  weight,  and  a few  which  had  been  marked  weak  for  some 

other  reason,  such  as  smoke,  were  given  weight  one-half  or  three- 

fourths. 

The  center  of  eclipse  was  determined  graphically,  and  from 
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the  epoch  of  the  spectroscopic  observations  and  the  1930  photometric 
series  a correction  to  the  Allegheny  period  off 0^00004  was  obtained. 
The  available  observations  in  1918  were  not  sufficient  for  accurate 
determination  of  the  epoch  of  eclipse,  but  a larger  correction  to 
the  Alle^eny  period  would  bring  them  into  better  agreement  with  the 
1930  series. 

A plot  of  the  residuals  with  the  time  as  abscissa  showed 
no  evidence  of  variation  in  the  comparison  star  throughout  the  1930 
series,  but  the  1918  observations  were  systematically  high  by  two 
or  three  hundredths  of  a magnitude.  Because  of  this,  and  the  un- 
certainty in  the  period,  the  few  observations  of  the  earlier  series 
were  omitted  in  the  formation  of  the  normals. 

By  using  the  spectroscopic  period,  with  the  correction  of 
f0f00004  derived  above,  and  the  photometric  determination  of  epoch 
of  eclipse  the  elements 

Minimum  . J.  D.  3433486.797  H-  1^95036‘E 
were  obtained.  These  were  adopted  as  final. 

The  photo-electric  observations  of  (TAquilae  are  given  in 
Table  I.  The  times  were  reduced  to  the  sun,  and  the  phases  com- 
puted from  the  final  elements  given  above.  The  difference  of  magni- 
tude is  the  amount  that  <r  was  measured  brighter  than  33. 

The  observations  of  the  1930  series  were  then  assembled 
according  to  phase  and  grouped  into  normal  magnitudes.  The  rule 
was  in  general  two  observations  to  a normal  during  eclipse  and 
three  to  a normal  outside  of  eclipse.  At  one  phase  outside  of 
eclipse  two  half-weight  observations  taken  on  the  same  night  were 
rejected,  as  the  others  could  be  grouped  into  normals  of  approxi- 
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TABLE  I 


Observations  of  cr Aqui la e 


Date  G.M.T. 

Phase 

Differ- 

Weight 

Date  G.M.T. 

Phase 

Dirf  er- 

Weight 

ence  of 

ence  of 

Magni- 

Magni- 

tude 

tude 

243  2514.737 

0^641 

0^^472 

1918  S« 

CO 

(D 

H 

U 

not  usee 

1) 

2517.711 

1.665 

.426 

1/2 

343  1783.765 

1?017 

0^053 

2521. 768 

1.832 

.423 

i 

1785. 75S 

1.061 

.445 

. 797 

1.851 

.455 

1/2 

1786. 764 

0. 115 

.459 

2532. 711 

0.814 

.438 

1787. 775 

1.134 

.470 

3523.646 

1.749 

(.405) 

1793.738 

1.229 

.470 

.672 

1.775 

.449 

1/2 

1803.771 

0.520 

.497 

2524.679 

0.  833 

.454 

1804.743 

0.541 

.500 

. 733 

0.886 

.425 

1805. 740 

1.539 

.488 

.750 

0.,903 

. 387 

1806.751 

0.600 

.457 

.767 

0.920 

.351 

1813.679 

1.677 

.461 

.783 

0.935 

. 341 

1817.665 

1.763 

.452 

2535.697 

1.850 

•409 

1827.644 

0.040 

. 433 

2526.651 

0.854 

. 430 

1828.649 

1.045 

.411 

. 668 

0.871 

.436 

1837.631 

0.275 

.458 

2538.750 

1.003 

. 349 

1845.611 

0.454 

.468 

3539. 681 

1.934 

. 302 

3530. 615 

0.917 

. 377 

1/2 

1920  S( 

sries 

.637 

0.939 

.338 

2468. 810 

0.017 

. 313 

2531.614 

1.916 

. 300 

1/2 

2498. 774 

0.279 

.474 

.672 

0.024 

. 398 

.840 

0.345 

.465 

2532.643 

0.994 

.315 

2506.763 

0.46S 

.480 

1/2 

.701 

1.053 

. 383 

. 797 

0.502 

.481 

.734 

1.086 

.438 

2508.796 

0.551 

.508 

1/2 

. 751 

1. 103 

.442 

2509.836 

1.581 

. 496 

3535..  615 

O.OIZ. 

1^21. 
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TABLE  I 

(Contd.  ) 
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Date  G.  M.T. 

Pnase 

Dili  er- 
ence  of 
Magni- 
tude 

Weignt 

Date 

G.M. T. 

Phase 

Differ- 
ence of 
Magni- 
tude 

Weigni 

243  25b 5. 629 

0?051 

(0^'^2?4) 

242 

2561. 706 

0?805 

o5|^417 

3/4 

.647 

0.049 

. 298 

1/2 

2566 . 690 

1.887 

. 525 

3/4  1 

. 661 

0.065 

. 528 

5/4 

.708 

1.  905 

.549 

3/4 

.661 

0.  085 

.415 

2567 . 680 

0.  926 

.377 

i 

.692 

0.094 

.402 

.697 

0.945 

. 328 

1/2  1 

.754 

0.  i56 

.452 

2570.619 

1.915 

.315 

. 744 

0.146 

.425 

. 658 

1.954 

.267 

2554.605 

1.005 

. 529 

1/2 

2574.614 

0.059 

. 555 

.619 

1.021 

. 542 

1/2 

.634 

0.079 

. 557 

1/3 

1 

.635 

1 . 055 

.554 

3585. 650 

1.273 

.440 

.694 

1.096 

. 424 

.645 

1.288 

.452 

. 710 

1.112 

.451 

2584.600 

0.  295 

.453 

.724 

1.  126 

.448 

.614 

0.307 

. 455 

2557.710 

0.211 

.475 

3/4 

2585.606 

1.299 

.452 

2539.609 

0. 160 

. 450 

.622 

1.315 

. 448 

.624 

0.175 

. 455 

2587.601 

1.  544 

.436 

j 

2540. 640 

1. 191 

.455 

.615 

1.558 

. 451 

. 658 

1.  209 

. 440 

2588. 592 

0.384 

. 451 

.711 

1.262 

.457 

.605 

0.  597 

. 461 

1 

.722 

1.  275 

. 449 

2589. 574 

1.  566 

.475 

i 

1 

2555. 690 

0.589 

.485 

1/2 

.594 

1.  586 

.446 

2554.647 

1.546 

.457 

2595.594 

1.485 

(.432) 

. 662 

1.561 

. 465 

. 608 

1.  499 

(.424) 

2559.690 

0.758 

.448 

2595. 595 

1.  556 

,473 

. 699 

0.  747 

.447 

.608 

1.  549 

.455 

2561.694 

0.791 

.424 

3/4 

2596 . 554 

0.  544 

. 462 

V-r  * 
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TABLii:  I (Cent a. ) 


6 


Date 


342 


G.M.T. 

Phase 

Dirrerence 

of 

Magnitude 

2596. 566 

0^556 

0^^460 

2600.581 

0.671 

. 441 

2603.577 

1.  716 

.430 

.587 

1.726 

.423 

2605.563 

1.  751 

. 441 

.574 

1.762 

. 435 

2606. 514 

0.752 

. 440 

2609. 542 

1.830 

. 422 

.553 

1.841 

.420 

Weignt 


1/3 
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mately  the  same  value.  The  thirty-seven  resulting  normal  magni- 
tudes and  the  residuals  from  the  computed  light  curve  are  given  in 
Table  II. 

A plot  of  the  normals  showed  a distinct  ellipticity  effect 
between  minima,  A periastron  effect  might  also  be  suspected,  but 
as  the  spectroscopic  orbit  is  circular,  this  was  considered  error  of 
observation.  There  is  no  appreciable  reflection  effect.  The 
ellipticity  factor  ^ was  obtained  by  Russell's  graphical  method,  and 
the  result  used  to  determine  the  limits  of  the  eclipses  and  check 
the  definitive  work  which  was  as  follows. 

From  normal  magnitudes  outside  of  eclipse  the  ellipticity 
effect  was  solved  for,  using  the  equation: 

m^  — £ cos^^  = ffi 

where  m^denotes  the  maximum  magnitude,  m is  the  observed  magnitude, 

0 is  the  phase  from  primary  minimum,  and  £ is  a constant.  Twenty- 
one  equations  for  the  determination  of  ^ and  £ gave 

m « 0?467  0?0025 

“O 

£ . +0^042  ^ 0^0050 
from  which  z s 0,075, 

The  ellipticity  effect  was  removed  from  the  observations  by  the 
formula 

Rectified  magnitude  * m ^ 0,043  qob^B 
From  a plot  of  the  rectified  magnitudes  at  secondary  minimum  the 
center  of  that  eclipse  was  determined  as  phase  O^’SSO,  from  which 
£ cos  lA)  ■ 40.004,  The  photometric  observations  are  too  few  to 
show  with  certainty  that  the  orbit  is  not  perfectly  circular.  But 
the  eccentricity  of  the  spectroscopic  orbit  is  given  to  only  one 
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TABLE  II 


Normal  Magnitudes 


Phase 

Dirrer- 

ence 

of 

Magni- 

tude 

Residual 

0-0 

JMO. 

Obs. 

Phase 

Differ- 

ence 

Of 

Magni- 

tude 

Residual 

0-C 

Nc. 

Obs. 

0?020 

M 

0.305 

M 

+0.012 

2 

1.013 

M 

0.  336 

M 

-0. 002 

2 

0.056 

0.323 

-0. 019 

2 

1.044 

0.  368 

-0. 006 

2 

0.069 

0.348 

-0.  017 

2 

1.091 

0.431 

+0.003 

2 

0.088 

0.408 

+0.  010 

2 

1.114 

0.447 

+0.012 

3 

0. 147 

0.429 

-0. 004 

3 

1.200 

0.448 

+0,005 

2 

0.190 

0.451 

+0.012 

2 

1.268 

0.453 

+0.001 

3 

0.  293 

0.461 

+0. 009 

3 

1.280 

0.446 

-0. 008 

2 

0.375 

0.459 

-0. 003 

3 

1.319 

0.445 

-0.013 

3 

0.512 

0.473 

+0.006 

3 

1.370 

0.451 

-0. 012 

3 

0.563 

0.478 

+0.013 

3 

1.  543 

0.462 

-0. 002 

3 

0. 656 

0.  456 

+0. 000 

2 

1.  668 

0.475 

+0.013 

2 

0.742 

0.448 

+0.004 

2 

1.710 

0.426 

-0. 019 

3 

0.779 

0.  428 

-0.011 

3 

1.760 

0.440 

+0.001 

3 

0.833 

0.  44l 

+0. 008 

3 

1.826 

0.422 

-0. 009 

2 

0.878 

0.  426 

+0. 005 

2 

1.848 

0.424 

+0.006 

i 

3 

0.  908 

0.384 

+0. 000 

2 

1.896 

0.337 

-0. 001 

2 

0.923 

0.364 

-0.  002 

2 

1.915 

0.  310 

+0.  000 

2 

0.938 

0.337 

-0.010 

2 

1.934 

0.  294 

+0. 004 

2 

0.998 

0.  332 

+0. 005 

2 
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decimal,  and  this  value  of  £ cos  wj  seems  possible.  The  obser- 
vations about  secondary  minimum  were  therefore  reflected  about  phase 
©"fsBO  for  further  work. 

From  the  rectified  normals  at  both  primary  and  secondary, 

elements  were  derived  by  Russell's  method.  It  was  found,  however, 

that  as  Russell  has  pointed  out^,  the  value  of  k can  be  determined 

from  partial  eclipses  of  such  small  range  only  with  the  addition  of 

data  other  than  that  derived  from  the  light-curve.  The  assumption 

that  the  eclipses  were  grazing  total  and  annular,  with  k about  0.33, 

gave  the  best  representation  of  the  light-curve.  But  this  means  a 

difference  of  over  two  magnitudes  in  the  light  of  the  components, 

while  from  the  spectroscopic  plates  it  is  known  to  be  much  less. 

The  estimate  published  with  the  spectroscopic  orbit  is  a difference 
M 

of  0.5.  A second  independent  estimate  made  by  Jordan  in  April  1921 
is  0^3. 

The  secoixi  estimate  was  used,  and  from  this,  with  1 -A]_, 

and  1 - Ag  the  photometric  depth  of  minima,  k,  ^ , and  o(^were 

obtained.  After  a few  approximations  the  following  elements  were 

adopted  as  satisfactory, 

X =:  1.70  C =r  0,0799  D ^ 0.0470 

k ■ l.OO(adopted)  1 - ^ = 0,121  1 -A^  - ^*0905 

M 

Rectified  primary  minimum  = 0,327 

M 

Rectified  secondary  minimum  s 0,364 

The  adopted  value  for  k corresponds  to  a difference  of 

0.31  between  the  component  stars,  practically  the  second  estimate. 

M 

Using  k m 0,93  the  light-curve  holds  for  the  first  estimate,  0.5  > 
^Astrophysical  Journal . 35.  331,  1912. 
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80  elements  were  computed  for  both  values;  but  the  masses  of  the  com- 
ponent stars,  and  dimensions  and  inclination  of  the  relative  orbit, 
were  found  to  be  practically  the  same  on  the  two  assumptions,  and 
only  the  results  for  k - 1.00  are  given.  An  ephemeris  was  computed 
from  the  adopted  elements  using  Blazko’s  tables^,  and  independently 
by  Russell *8  method  as  a check.  The  computed  light-curve.  Tables 
III  and  IV,  is  shown  in  Figure  1.  The  residuals  from  this  curve 
are  given  in  Table  II,  and  from  these  we  derive 

P.  E.  Single  normal  - ^ 0^06  • 

The  normal  magnitudes  are  plotted  as  circles  in  Figure  1,  the  radius 
of  each  circle  being  equal  to  the  computed  probable  error. 

a 

The  data  of  the  spectroscopic  binary  system  , is  given  in 
in  Table  V.  The  value  of  sin  i.  was  known  from  the  photometric 
elements.  Combining  this  with  the  spectroscopic  elements  the  abso- 
lute dimensions  of  the  system  and  masses  of  the  bodies  were  obtained. 

3 

Following  Russell  , the  apparent  diameter  of  the  brighter  star  was 
computed  from  the  magnitude  and  spectral  type.  From  this  and  the 
actual  diameter,  the  distance  and  parallax  were  obtained,  the  hypo- 
thetical parallax  being  0U006  corresponding  to  a distance  of  about 
550  light  years. 

The  light  elements  are  assembled  in  Table  VI,  and  Figure  3 
is  the  system  represented  by  them.  The  ellipticity  of  the  star 
disks  has  been  neglected  in  the  figure. 

^Annales  de  1 *observatoire  astronomi cue  de  Moscou.  5,  104, 
1911,  o 

Jordan,  Allegheny  Publicati  ons.  3_,  193,  1916. 

^Publications  of  the  Astronomical  Society  of  the  Pacific . 

315,  1920. 
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TABLE  III 


Constants  of  tne  Lignt -Curve 


Magnitude 

Range 

Lignt 

Maximum 

0^467 

1.000 

Primary  minimum 

0.285 

M 

0.182 

0.846 

Secondary  minimum 

0.522 

0. 145 

0.875 

Rectified  Curve 

Maximum 

M 

0.467 

— 

1.000 

Primary  minimum 

0.537 

0. 140 

0.879 

Secondary  minimum 

0.564 

0.105 

0.910 

Loss 

0. 154 
0. 125 


0.121 

0.050 


I 
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TABLE  IV 
Ligiit-Curve 


Pnase 

Din  erence 

Pnase 

Difference 

of 

of 

Magnitude 

Magnitude 

±ofoo 

M 

0.  285 

0^94 

M 

0.345 

±.0.02 

0.  293 

0.96 

0.328 

±0.04 

0.316 

0.98 

0.322 

±0.06 

0.349 

1.00 

0.328 

±0.08 

0.384 

1.02 

0.345 

±0.10 

0.415 

1.04 

0.370 

±0. 116 

0.430 

1.06 

0.396 

0.15 

0.434 

1.08 

0.419 

0.  20 

0.440 

1.  096 

0.430 

0.30 

0.453 

1.20 

0.443 

0.40 

0.464 

1.30 

0.457 

0.488 

0.467 

1.40 

0.466 

0.60 

0.462 

1.463 

0.467 

0.70 

0.450 

1.50 

0.467 

0.  80 

0.437 

1.60 

0.459 

0.864 

0.430 

1.70 

0.447 

0.88 

0.418 

1.80 

0.434 

0.90 

0.  395 

1.834 

0.430 

0.  93 

0.  369 
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TABLE  V 


Spectroscopic  Elerrients  of  CT Aquilae 

(Jordan) 

P 

1?S5032 

±0?-0001  (estimated) 

h 

184? 595 

±0?  0095 

Q 

0.0 

±0.01 

T(Max. Vel . 

)J.D.  2420054.331 

±09^0031 

V 

-5.00  km /sec. 

il.04  km/sec. 

S.1 

163.53  km/sec. 

±0.35  km/sec. 

a]^  sin  ^ 

4,380,000  km 

±3600  km 

m]_  sin'll. 

5. 3 G 

KS 

199  km/sec. 

±4,1  km/sec. 

ap^  sin  i 

5,340,000  km 

±110,000  km 

mp  sin^_i 

4.40 

TABLE  VI 

15 

Elements  of  CT  Aquilae 

1 

1 

1 

Primary  minimum,  J.D. 243 

3486.797  G.M.T. 

1 

Period  of  revolution  (Photometric).  . . . 

P. 

1?95026  1 

Phase  of  secondary  minimum 

0?980 

Semi-duration  of  eclipse 

0?116  j 

Component  of  eccentricity  

^ cos  mj 

+ 0.004 

1 

Cosine  of  inclination  

cos 

0.314 

Ratio  of  radii 

k 

1.00 

1 

Ratio  of  axes  

b/a 

0.955 

Major  semi-axis  

^1=^2 

0.242 

Minor  semi-axis  

0.231 

Light  of  brighter  star 

hi 

0.572 

Light  of  fainter  star  

0.428  ' 

Ratio  of  surface  brightness  

Jl/i2 

1.34 

Magnitude  of  system  

5^*17 

Magnitude  of  brignter  star 

5?78 

Magnitude  of  faini;er  star 

6?09 

From  Allegheny  spectroscopic  elements 

Sun  s= 

1 

Major  semi-axis  

^1=2:3 

3.56 

Minor  semi-axis  

bl=fc3 

3.40 

Density  of  brighter  star 

0.150 

Density  of  fainter  star  

/>2 

0,  125 

Mean  density  of  system 

Po 

0. 138 

Masss  of  brignter  star 

iLi 

6.  19 

Mass  of  fainter  star 

mg 

5.14 

Parallax  (from  surface  brightness^  .... 
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SUMMARY 

1.  A series  of  observations  made  with  a photo-electric 
photometer  during  1930  gives  the  light-curve  of  cr  Aquilae. 

3,  Using  residuals  from  the  computed  curve  the  thlrty- 

4-  M 

seven  normal  magnitudes  show  a probable  error  of  0.006. 

3,  The  comparison  star  32  Aquilae  was  constant  within 
the  limit  of  the  measures  from  July  to  October,  1920,  but  a change 
of  0^?02  between  1918  and  1920  is  indicated  for  either  23  Aquilae 
or  (T  Aquilae, 

4,  Because  of  the  small  range  in  partial  eclipse,  ele- 
ments of  cr  Aquilae  from  the  light-curve  alone  would  be  indetermin- 
ate, but  since  two  spectra  appear  on  the  Allegheny  plates,  the  in- 
formation on  this  eclipsing  system  is  unusually  complete.  The 
elements  and  absolute  dimensions  derived  are  given  in  Table  VI,  and 
the  system  is  shown  in  Figure  3. 
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II.  THE  CEPHEID  VARIABLE  ETA  AQUILAE. 

A photo-electric  study  of  tj  Aqullae,  one  of  the  best 
known  Cepheid  variables,  was  undertaken  at  the  University  of  Illinois 
in  the  hope  that  something  of  value  might  be  contributed  to  the  dis- 
cussion of  this  type  of  variation.  In  particular,  irregularities 
and  secondary  oscillations  might  be  too  small  for  certain  detection 
by  visual  observers  and  yet  be  conspicuous  in  a photo-electric  light- 
curve  . 

Observations  were  begun  in  July  1930  and  carried  through 
to  November  of  that  year.  In  all  one  hundred  and  eleven  observa- 
tions were  secured,  one  third  by  Professor  Stebbins  and  the  remain- 
der by  myself.  The  variable  and  comparison  stars  are  in  the  Harvard 
system 


H.  R.  7570, 

Aquilae , 

magnitude  3,66-4.45, 

spectrum  G. 

H.  R.  7377, 

S 

Aquilae, 

« 3.44 

« F. 

H.  R.  7603, 

Aquilae , 

" 3,90 

" K. 

The  Mt,  Wilson  spectral  types  are  <>7  Aquilae  F9,  5 Aquilae  A9,  and 
^Aqullae  07.  An  observation  normally  consisted  of  thirty-six 
measures  taken  in  the  following  order 

53,  f36,  73,  ^6,  73,  /36,  73,  ^3, 

one  measure  being  a timing  of  the  rate  of  motion  of  the  electrometer 
thread  between  two  scale  divisions.  Since  S Aquilae  is  brighter 
than  Aquilae,  a neutral  tinted  shade  glass  was  used  to  reduce  the 
light  to  approximate  equality.  Throughout  this  paper  comparisons 
of  other  stars  with  6 Aquilae  should  be  interpreted  as  comparisons 
with  S Aquilae  observed  through  the  shade  glass,  which  reduced  its 
light  about  0^82. 

The  differential  correction  for  atmospheric  extinction 
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between  7 Aqullae  and  the  comparison  stars  was  taken  from  tables 
based  on  those  in  M<iller*s  Pho tome trie  der  Gestirne.  Nearly  all 
observations  were  within  the  limits  19^^0  and  23^5  sidereal  time, 
during  which  interval  the  maximum  tabular  differential  correction 
was  for  S Aquilae,  0^018,  and  for  Aquilae,  0^043 . The  quantity 

from  the  table  was  multiplied  by  a factor  depending  on  the  trans- 
parency of  the  sky,  which  was  obtained  as  in  the  work  on  cr  Aquilae. 
The  residuals  from  the  preliminary  curve  were  examined  for  a system- 
atic hour  angle  correction;  first,  by  plotting  them  for  nights  on 
which  observations  were  carried  on  throughout  nearly  the  entire  three 
and  a half  hours  during  which  the  star  could  be  observed;  and  second, 
by  comparing  residuals  at  different  hour  angles  on  different  nights, 
using  only  the  best  nights.  There  was  no  indication  of  any  appre- 
ciable systematic  error  remaining  after  the  computed  correction  for 
differential  extinction  has  been  applied,  although  these  corrections 
were  larger  than  is  usual  in  the  work  here. 

The  times  were  reduced  to  the  sun,  and  the  preliminary 
phases  computed  from  the  elements 

Minimum  » J.  D,  2422606.562  -h  7^176382  • E 
The  period  is  that  of  Luizet^,  without  his  harmonic  term.  A plot 
of  the  observations  indicated  that  both  comparison  stars  are  prob- 
ably variable.  At  certain  times  S Aquilae  was  distinctly  faint, 
in  one  case  as  much  as  a tenth  of  a magnitude,  and  toward  the  end  of 
the  series  ^ Aquilae  was  fainter  than  at  the  beginning. 

In  1918  Messrs.  Stebbins  and  Dershem  used  S Aquilae  as 
a comparison  star  for  Nova  Aquilae  No.  3,  and  at  that  time  it  was 

^Astronomische  Nachrichten.  163,  361,  1903. 
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suspected  of  variation.  It  has  been  announced  as  a spectroscopic 
3 - 

binary  oi  unknown  period,  and  may  be  an  eclipsing  variable  of  small 
range.  The  other  comparison  star,  p Aquilae,  being  of  spectral 
type  K,  may  be  expected,  if  it  varies  at  all,  to  be  irregular. 

As  a first  step  toward  unravelling  the  variations  of  the 
three  stars,  the  observations  where  8 Aquilae  was  noticeably  faint 
were  marked.  Then  using  only  nights  on  which  the  transparency  of 
the  sky  was  good,  and  including  no  nights  on  which  S Aquilae  had 
been  marked  faint  at  any  time,  the  observed  values  of  p y S were 
plotted  and  a free  hand  curve  dra'^wi.  The  plotted  values  were  com- 
pared with  the  curve,  and  one  or  two  more  rejections  mads  on  the 
ground  that  5 Aquilae  was  perhaps  faint  that  night.  The  remainder 
were  grouped  into  normal  magnitudes  which  are  given  in  Table  II  and 
plotted  in  Figure  1,  From  a free  hand  curve  drawn  through  these 
normal  magnitudes,  the  photo-electric  reduction  of  p Aquilae  to 
S Aquilae  could  be  obtained  for  the  time  of  any  observation. 

The  observed  values  of  p y 8 'wexe  compared  with  this  curve 
and  from  the  residuals  an  unsuccessful  attempt  was  made  to  get  the 
period  of  variation  of  8 Aquilae.  Phases  were  computed  and  the 
residuals  plotted,  at  least  around  the  supposed  minima,  for  several 
different  periods,  but  none  was  considered  satisfactory.  The  range 
of  variation  is  so  small  that  it  is  probably  better  to  await  the  de- 
termination of  the  period  from  spectroscopic  observations. 

Not  knowing  the  variation  of  8 Aquilae,  the  following  ar- 
bitrary rule  was  adopted.  If  any  observed  differed  by  more 

^Astrouhvsical  Journal.  49 , 354,  1919. 

^Lick  Observatory  Bulletin.  2,  126,  1903. 

As trophy si cal  Journal.  39.  265,  1914, 
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M r 

than  0.040  from  the  curve  value,  all  comparisons  with  c Aqullae 

M 

were  rejected  on  that  night.  If  no  residual  exceeded  0.040,  hut 

M 

some  exceeded  0.030,  the  observations  on  that  night  were  given  half 
weight.  A few  other  observations  had  already  been  marked  half 
weight  because  of  poor  observing  conditions. 

Observations  of^7'’7were  reduced  to  <5^7^  by  applying  the 
correction  scaled  from  Figure  1.  Normal  magnitudes  for  07  were 
then  formed,  keeping  the  work  on  the  two  comparison  stars  separate  , 
and  a free  hand  curve  drawn.  As  a check,  the  variation  of/oAquilae 
was  then  determined  by  combining  observed  values  of  with  the 

light-curve  of  0^  as  based  on  6 , using  only  good  nights.  These 
computed  values  of  y3  7 5 as  derived  through  07  were  assembled  into 
normal  magnitudes,  which  are  plotted  in  Figure  1 for  comparison  with 
the  values  of  direct  observation.  The  satisfactory  agreement  shows 
that  the  progressive  change  between  p and  S during  the  time  of  ob- 
servation must  be  due  to  a variation  of  /3  , and  that  the  light  vari- 
ation of  07  repeats  itself  from  period  to  period  within  the  limits 
of  the  present  measures. 

The  times  of  maximum  and  minimum,  and  the  amplitude  of 
variation  for  Aquilae  were  derived  graphically  from  the  normal 
magnitudes  as  follows: 

d M 

Maximum,  phase  0.09,  magnitude  -0.501 

Minimum,  phase  5^17,  magnitude  -0^616 

d M 

Maximum  - minimum  2710  > magnitude  1.12 
The  correction  to  the  time  of  maximum  from  the  preliminary  ephemer- 
is  is  thenh0.09.  This  was  applied,  giviig  the  following  elements 
which  were  adopted  as  final: 

d 

Maximum  • J.D.  2422606.652  + 7.176382*  E 
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Table  I gives  the  photo-electric  observations  of  Aquilae. 
The  first  column  gives  the  Greenwich  mean  time  of  observation,  and 
the  second  the  phase  computed  from  the  final  elements;  the  third 
column  gives  the  difference  between  07  Aquilae  direct  and  S Aquilae 
measured  through  the  shade  glass,  and  the  fourth  is  the  measured  dif- 
ference between  07  Aquilae  and  ^ Aquilae,  A positive  sign  means 
in  each  case  that  the  comparison  star  was  brighter  than  op  . Re- 
jected observations  are  in  parentheses,  aind  half  weight  observations 
are  noted  under  remarks.  Since  the  average  time  of  observation  is 
the  same  for  each  star,  the  differences  p brighter  than  S are  ob- 
tained by  subtracting  the  third  column  from  the  fourth. 

The  normal  magnitudes,  with  phases  from  the  final  elements, 
are  given  in  Table  III,  and  plotted  in  Figure  2,  where  points  from 
the  two  comparison  stars  are  kept  separate,  and  the  rejected  S 
Aquilae  observations  are  plotted  as  crosses.  No  p Aquilae  observa- 
tions considered  satisfactory  at  the  time  of  making  have  been  re- 
jected, so  all  comparisons  with  that  star  are  incorporated  in  the 
normal  points. 

The  adopted  light-curve  of  07  Aquilae  is  given  in  Table  IV. 
It  has  not  been  drawn  on  Figure  2 as  the  observations  themselves 
mark  the  course  of  the  curve  satisfactorily.  Further,  anyone  ex- 
amining suspected  fluctuations  will  probably  prefer  a plot  of  the  ob- 
servations free  from  any  evidence  as  to  the  judgment  of  others. 

A glance  at  the  figure  shows  that  the  reality  of  a con- 
siderable "humj?”  cannot  be  questioned.  Since  absolutely  all  of  the 
observations  are  represented  in  Figure  2,  it  is  evident  that  the 
variations  of  p and  ^ do  not  affect  the  establishment  of  this 
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TABLE 

I. 

Obaervations 

of  97  Aquilae 

Difference 

of  Ma^ 

5'nitude 

Date,  G.  M.  T. 

Phase 

8 

(3 

Remarks 

2423523.713 

3?183 

(+0^283) 

,717 

3.187 

+0?345 

.746 

3,216 

(+  .355) 

.751 

3,321 

f .384 

2524.706 

4.176 

+ .448 

+ ,552 

.804 

4.374 

+ .455 

f .566 

2525.765 

5.235 

.588 

+ .680 

2526.711 

6.181 

+ .138 

+ .262 

2528.713 

1.006 

- .280 

- .133 

S half  weight 

.813 

1.106 

- .216 

- .120 

It  n 

2530.761 

3.054 

+ .311 

+ .294 

3532.682 

4.975 

+ .606 

+ .718 

2533.713 

6.006 

+ ,270 

+ .384 

,784 

6.077 

f .189 

+ .283 

2534.661 

6.954 

(-  .566) 

- ,332 

.749 

7.042 

(-  .536) 

- .365 

.801 

7.094 

(-  .500) 

- .420 

2537.739 

2.856 

+ .116 

+ .306 

2538.663 

3.779 

+ .366 

+ .467 

,760 

3.877 

+ ,377 

+ .483 

3539.675 

4.792 

+ .566 

+ .686 

.756 

4.873 

+ .59; 

+ .699 

2540.685 

5.802 

+ .404 

+ .517 
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TABLE  I -(continued) 


Difference 

of  Magnitude 

Date,  G,  M.  T. 

Phase 

s 

Remarks 

3422540.742 

5^859 

f0*?364 

f0¥468 

2553.671 

4,435 

(+  .492) 

+ .598 

.729 

4.493 

(+  .456) 

+ .643 

2554 . 604 

5.368 

•J*  .563 

+ .682 

.679 

5.443 

+ .559 

+ .654 

2555.607 

6.371 

+ .005 

+ .136 

2558.786 

2.374 

- .070 

+ ,036 

2559.717 

3.305 

+ .273 

+ .370 

2561.731 

5.319 

+ .597 

+ .681 

3566.622 

3.032 

+ .235 

f .396 

2567.599 

4.009 

+ .383 

+ .506 

S half  weight 

.738 

4.148 

+ .393 

1*  .496 

n R 

2570,594 

7.004 

- .443 

- .381 

.659 

7.069 

- .470 

- .427 

2573.709 

3.943 

+ .106 

+ .220 

S half  weight 

2580.585 

2.642 

- .008 

+ .058 

.689 

2.746 

^ .053 

+ .106 

2583.604 

5.661 

f .499 

+ .549 

.669 

5.726 

+ ,471 

^ .559 

.703 

5.760 

+ .424 

+ .522 

2584.562 

6.619 

- .140 

- .068 

.634 

6.691 

- ,216 

- .147 

. 665 

6.722 

- .278 

- .194 

.694 

6.751 

- .373 

- ,322 
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TABLE  I “(continued) 

Difference 
of  Magnitude 


Date,  G.  M.  T. 

Phase 

S 

243585.560 

0^440 

-0^?427 

-0^?363 

.586 

0.466 

- .410 

- .359 

.634 

0.514 

- .414 

- .340 

.649 

0.529 

- .389 

- ,328 

.664 

0.544 

- .377 

- .315 

.679 

0.559 

- .390 

“ .322 

3586.552 

1.432 

(-  .137) 

- .045 

.599 

1.479 

(“  .123) 

1 

« 

o 

♦-* 

.643 

1.523 

(-  .122) 

“ .008 

.685 

1.565 

(-  .119) 

- .044 

2587.560 

2.440 

“ .029 

+ .042 

2588.549 

3.429 

+ .302 

+ .392 

.620 

3.500 

f .291 

f .391 

2593.557 

0.260 

- .472 

“ .378 

.617 

0.320 

- .491 

- .371 

.656 

0.359 

- .511 

“ .362 

.676 

0,379 

- .430 

- .382 

2593.543 

1,346 

- ,082 

.576 

1.279 

(-  .158) 

- .077 

.636 

1.339 

(-  .194) 

- .076 

.660 

1.363 

(-  .151) 

“ ,088 

2594.559 

2.262 

- .033 

.048 

2596.613 

4.316 

+ .465 

.553 

.628 

6.331 

(+  .059) 

4 .081 

Remarks 


(3  half  weight 


Half  weight 


^ half  weight 
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TABLE  I -(continued) 

Difference 
of  Magnitude 


Date f G«  M«  T* 

Phase 

S 

2422598.648 

6^351 

(+0^f040) 

+0^f094 

2599.615 

0.141 

- .469 

- .417 

.662 

0.188 

- .500 

- ,398 

2600. 545 

1.071 

- .308 

- .144 

.599 

1.125 

- .188 

- .131 

.644 

1.170 

- .203 

- .135 

2601.569 

2.095 

- .074 

.012 

.590 

2.116 

- .032 

+ .029 

.636 

2.162 

- .068 

+ .002 

.655 

2.181 

- .051 

- ,011 

2603.604 

4.130 

t .433 

+ .498 

2604.633 

5.159 

^ .616 

.690 

2605.526 

6,051 

+ .250 

.342 

.598 

6.123 

+ .191 

* .254 

2606. 537 

7.062 

- .487 

- ,396 

.577 

7.102 

- .495 

- .415 

2607.547 

0.896 

(-  ,304) 

- .220 

.572 

0.921 

(-  ,337) 

- .306 

.589 

0.938 

(-  .315) 

- .178 

2608.544 

1.893 

- .042 

^ ,018 

.-587 

1.936 

- ,054 

+ .015 

.632 

1.981 

- ,084 

- .006 

2609.581 

2.930 

.120 

+ .215 

2614.545 

0.718 

- .346 

- .286 

Remarks 


S half  weight 

II  n 


Half  weight 


u 

r 


t 


\ . 


j’- 


i 

r 


I 


37 


TABLE  I 

“(continued) 

Difference 

of  Magnitude 

Date,  G,  M.  T, 

Phase 

s 

Remarks 

3433615.535 

1^707 

(-o¥055) 

40?011 

.558 

1.730 

(“  .107) 

4 .009 

|3  half  weight 

3618.547 

4.719 

V-  .566 

4 .637 

.587 

4.759 

+ .558 

4 .634 

3619.515 

5.687 

f .481 

4 ,558 

5 half  weight 

.558 

5.730 

4 ,437 

4 ,537 

N n 

3636.553 

5.547 

4 ,543 

4 .609 

3637.540 

6,  534 

- .073 

- ,036 

,558 

6.553 

- .074 

- .033 

3638.543 

0.360 

- .450 

- .367 

.565 

0.383 

- .475 

- .393 

3633.561 

4.379 

4 .505 

4 ,558 

3633.515 

5.333 

4 .588 

4 .648 

3641.535 

6.175 

4 .170 

4 .310 

3643.531 

7.171 

- .485 

- .449 

3649.494 

6.958 

- .433 

- .387 
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TABLIl’  1 1 

Normal  Magnitudes  of  ^ Aquilae 


Date  G.M.T.  Dirierence  Number  of 

of  Observations 


Magnitude 


342  25b7.7 

dh06 

7 

3561.7 

. 090 

4 

2582.2 

.076 

4 

2585.2 

. 066 

10 

2600.7 

. 066 

8 

2615.5 

. 065 

1 

2656.0 

.057 
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TABLE  III. 

Normal  Magnitudes  of  Aqullae 


Difference 


Difference 


of  Magnitude 

No. 

of  Magnitude 

No. 

Phase 

S 

Obs. 

Phase 

|3(re<^ucec/^ 

Obs. 

0^164 

-o¥484 

-c 

C474 

2 

3^043 

t0^318 

40^^197 

2 

0.313 

- 

.440 

3 

3.204 

4 .250 

2 

0.373 

- 

.463 

2 

3.305 

.273 

,279 

1 

0.374 

- 

.442 

3 

3,464 

,396 

4 .320 

2 

0.473 

- 

.417 

- 

.428 

3 

3.779 

+ 

,366 

4 .362 

1 

0.544 

- 

.385 

~ 

.396 

3 

3.877 

+■ 

,377 

4 ,378 

1 

0.718 

- 

.346 

- 

.347 

1 

4.009 

.383 

4 ,421 

1 

0,918 

- 

.264 

3 

4.136 

+ 

,420 

2 

1.061 

- 

.239 

3 

4.139 

4 .422 

2 

1.064 

,228 

3 

4,176 

-#■ 

.448 

4 .437 

1 

1.148 

- 

.196 

- 

.199 

2 

4.274 

4 

.455 

4 .451 

1 

1.315 

- 

.151 

4 

4.348 

4 

.485 

4 .494 

2 

1.456 

- 

,104 

2 

4.464 

+ .526 

2 

1.544 

- 

.100 

2 

4,739 

4 

,562 

4 .570 

2 

1.715 

- 

.050 

2 

4.832 

4 

.578 

4 ,588 

2 

1.928 

.055 

- 

.051 

3 

4.975 

4 

. 606 

4 .609 

1 

2.124 

- 

.058 

- 

.052 

3 

5.197 

4 

.602 

4 .596 

2 

2.208 

- 

.045 

- 

.058 

2 

5.326 

4 

.592 

4 ,592 

2 

2.407 

- 

.050 

- 

.044 

2 

5.406 

4 

,561 

4 .574 

2 

2.642 

- 

.008 

- 

.019 

1 

5.547 

4 

.542 

4 ,551 

1 

2.746 

.053 

+ 

.029 

1 

5.674 

4 

.490 

4 .486 

2 

2.856 

+ 

.116 

.100 

1 

5.  727 

.460 

2 

2.934 

+ 

.115 

2 

5.728 

4 .481 

2 

2.936 

+ 

.146 

2 

5,760 

4 

.424 

4 .447 

1 
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TABLE  III.  -(continued) 


Difference 


Difference 


of  Magnitude 

No. 

of  Magnitude 

No. 

Phase 

S 

(3(rediyced^ 

Obs, 

Phase 

Obs. 

5<?802 

^■0¥404 

f0^413 

1 

6?736 

-0“276 

-0¥283 

2 

5.359 

f .364 

+ .364 

1 

6.956 

- .440 

3 

6.006 

4 .270 

+ ,276 

1 

6.958 

- .422 

1 

6.064 

,320 

^ .236 

3 

7.004 

- .443 

1 

6.133 

4 .191 

f .190 

1 

7.023 

- ,468 

2 

6.178 

^ .154 

.152 

2 

7.064 

- .481 

- .477 

2 

6.355 

.026 

3 

7.123 

- .503 

3 

6.371 

t ,005 

1 

7.136 

- .490 

2 

6.543 

- ,074 

- .086 

3 

6.619 

- .140 

- .143 

1 

6.691 

- .216 

- ,322 
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TABLE  IV 

Light-Curve  of  ^ Aquilae 


Phase 

Difference 

of 

Magni tude 

Phase 

Difference 

of 

Magnitude 

-2^50 

f0?56 

1^50 

-o¥li 

-2 ,25 

f .60 

1.75 

- .06 

-2.00 

f .61 

2.00 

- ,05 

-1.75 

f .57 

2.25 

- .05 

-1.50 

+ .49 

2.50 

- .03 

-1.25 

t .33 

2.75 

f .03 

-1.00 

t .16 

3.00 

f .21 

-0.75 

.00 

3.25 

f .27 

-0,50 

- .20 

3.50 

4 .31 

-0.25 

- .41 

3.75 

f .36 

0.00 

- .50 

4,00 

4 .40 

+0.25 

- .47 

4.25 

4 .45 

0.50 

- .40 

4.50 

4 ,52 

0.75 

- .33 

4.75 

4 .57 

1.00 

- .24 

5,00 

4 .61 

1.25 

- .17 

5.25 

4 .60 
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secondary  fluctuation.  Luizet’s^  description  of  the  irregularity, 
”comme  un  arret  dans  la  diminution  d'e^clat  de  la  variable",  or  the 
German  "Stillstand" , fits  the  photo-electric  curve.  The  observa- 
tions indicate  a practically  constant  magnitude  for  about  0?6  be- 

d 

ginning  at  phase  1,8,  Some  of  the  older  curves  from  visual  obser- 
vations show  a pronounced  increase  in  brightness  at  this  point.  It 
was  considered  a real  "secondary  maximum",  but  the  more  recent  light- 
curves  have  been  drawn  with  no  irregularity  in  the  downward  slope" 

The  modern  tendency  is  to  regard  with  suspicion  permanent  Irregu- 

3 

larities  in  curves  by  any  but  the  most  accurate  photometric  methods. 
Photo-electric  work  has  in  general  justified  this  skepticism,  but  in 
this  particular  instance  we  find  confirmation  of  a secondary  oscil- 
lation in  Cepheid  variation,  while  in  addition  to  the  pronounced 
secondary,  there  is  indication  of  another  fluctuation  with  maximum 
about  phase  four  days.  Lockyer  believed  the  irregularities  due  to 
a secondary  oscillation  with  period  1?8,  one-fourth  that  of  the  prin- 
cipal light  variation.  But  it  is  evident  they  cannot  be  represented 
by  a superposing  a simple  sine  curve  of  any  period  on  the  principal 
variation.  Using  Lockyer ‘s  sub-period  we  might  assume  that  the 
secondary  oscillation  rises  to  its  strongest  maximum  about  phase  2?’5, 
A weaker  maximum  is  reached  at  phase  4,3,  the  following  minimum  being 
coincident  with  the  principal  minimum.  The  two  succeeding  second- 
ary fluctuations  are  negligible, 

i 

s tr onomi sc  he  Hachrichten.  165 . 364,  1903. 

^Astronomische  Nachrichten.  183 . 265-78,  1909. 

Mt.  Wilson  Contributions . 7_>  1916. 

Aatronomi sche  Hachrichten,  214.  195,  1921, 

3 

Publications  American  Astronomical  Society,  4,  265,  1921. 
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As  a matter  of  some  interest,  the  light-curve  was  com- 

1 

pared  with  the  velocity  curve  as  determined  toy  Wright.  This  shows 

that  the  pronounced  halt  in  decreasing  light  is  at  apastron  on  the 

"binary  hypothesis,  and  just  before  the  star  reaches  maximum  volume 

on  the  pulsation  hypothesis,  following  Eddington. 

Possible  variation  from  epoch  to  epoch  of  the  light- 

curves  of  this  and  other  Cepheids  has  been  discussed  by  previous 
2 

workers.  The  photo-electric  observations  give  evidence  that  there 
was  no  appreciable  change  in  the  form  of  the  curve  while  the 
observations  were  in  progress,  and  the  curve  is  not  greatly  differ- 
ent from  curves  previously  published  for  this  star.  The  maximum, 
however,  is  somewhat  sharper,  and  the  interval  from  minimum  to 
maximum  light  is  less  than  in  other  recent  curves.  From  the  cuirves 
previously  referred  to  the  values  of  this  interval  were  found  to  be: 
in  1900,  2^38;  1906-07,  2^38;  1917,  2?20;  and  1920,  2^10.  A de- 
cTease  for  the  more  recent  series  is  noticeable,  but  in  all  strict- 
ness comparison  should  be  made  between  curves  determined  with  the 
same  type  of  photometer. 

The  variation  of  the  period  of  y Aquilae  has  also  been 

3 

discussed.  Lockyer,  from  "his  discussion  of  observations  of  the 

4 

past  century,  concluded  it  was  variable,  Luizet  also  found  a vari- 
i~ 

Astrophysical  Journal . £,  62,  1899. 

^Lockyer,  Dissertation,  p.  78-86,  (Gottingen,  1897), 

Luizet,  Astronomische  Nachrichten.  193 . 83,  1913. 

Shapley,  Wilson  Contributions.  £,  179,  1915, 

Jordan,  Publications  American  Astronomical  Society.  4, 

365,  1921. 

3 n 

^Lockyer,  Dissertation,  p.  91,  (Gottingen,  1897). 

Luizet,  Astronomische  Nachrichten.  165.  361,  1903. 
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atlon,  and  included  a harmonic  term  in  his  value  for  the  period,  the 

value  which  has  been  used  by  most  observers  of  Aqullae  in  recent 

1 

years.  On  the  other  hand  some  have  rejected  the  harmonic  term. 

The  elements  are 

Maximum  - J.D.  2396168.732  f 7?176382  • E 

^ + 0.14sin(0?044‘E  Jr  304®) 

Maximum  - minimum  • 2,373 

Including  the  harmonic  term  the  epoch  of  maximum  derived  from  the 

photo-electric  curve  gives  as  correction  to  the  ephemeris,  -0,006, 

This  is  good  agreement,  provided  we  go  no  further,  but  for  the 

d, 

minimum  the  correction  is  +0.271,  which  is  not  so  satisfactory, 

A more  accurate  determination  of  the  length  of  the  period 
in  recent  years  was  therefore  made  using  the  photographic  observa- 
tions  of  Kohl sc hut ter"  made  in  1906-07,  The  photographic  and  photo- 
electric amplitudes  being  practically  the  same,  comparison  of  the 
curves  is  direct.  Using  Luizet’s  mean  period  between  the  two  series 
normal  magnitudes  were  formed  from  the  photographic  observations. 
Three  observations  were  combined  in  a normal  point  except  on  the 
steep  portion  of  the  curve  where  two  were  used.  This  steep  portion, 
between  minimum  and  maximum,  was  used  in  the  determination  of  the 
period,  as  the  phase  can  be  determined  with  more  accuracy  here  than 
at  the  time  of  maximum  'or.  minimum, 

A plot  showed  these  points  nearly  a quarter  of  a day  out 
of  phase  with  the  photo-electric  curve,  a graphical  determination 
giving  as  a correction  0,22,  This  gives  as  the  correction  to  the 
period  +0^00032,  from  which  the  value  for  the  period  between  1906 
and  1920  is  7^17670 

^Hellerich,  Dissertation,  p 6,  (Bonn,  1913). 

Astronomische  Nachrichten,  183 . 265,  1909. 
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This  value  for  the  length  of  the  period  is  so  much  larger 
than  the  mean  values  of  Lockyer  and  Luizet  obtained  from  a discuss- 
ion of  observations  of  the  past  century  that  Luizet 's  tabulation  of 

i 

coTrections  to  an  ephemeris  from  a constant  period  was  brought  up 
to  date.  Corrections  computed  from  the  light-curves  of 

It  2 

Kohlschutter  and  Lacchini,  and  from  the  photo-electric  light-curve, 
were  added  to  the  list.  These  residuals  are  plotted  in  Figure  3, 
points  from  maxima  and  minima  being  plotted  separately.  Normal 
points  are  formed,  giving  the  determinations  equal  weight  except 
that  in  the  last  point  the  photo-electric  determination  has  been 
given  double  weight.  The  normal  points  are  connected  by  a heavy 
line. 

This  line  is  distinctly  concave  upward,  hence  observa- 
tional evidence  indicates  an  increasing  period  at  least  in  recent 
years.  Certainly  there  is  no  evidence  of  an  appreciable  decrease 
at  any  time  in  the  last  140  years.  If  the  variation  is  harmonic 
the  available  portion  of  the  curve  is  too  little  to  determine 
either  the  amplitude  or  the  period  with  any  accuracy.  However, 
both  must  be  much  greater  than  the  values  found  by  Luizet. 

The  question  of  variation  of  period  is  of  importance  in 

Cepheid  theory.  The  pulsation  hypothesis  demands  a shortening  of 
3 

the  period,  about  40  seconds  annually  for  S Cephei  on  the  con- 
traction theory  of  a star's  energy.  Similar  conclusions  follow  on 
the  rotation  hypothesis,  while  according  to  the  binary  theory  the 


1 

2 

3 


Luizet,  Astronomische  Nachrichten.  163 . 360,  1903, 
Lacchini,  Astronomische  Nachrichten.  214,  195,  1921. 
Eddington,  Observatory.  41,  379,  1918,  339,  1919 
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period  may  either  increase  or  decrease!  Tidal  action  should  in 
general  lengthen  the  period  if  it  is  equal  to  or  greater  then  the 
rotation  period  of  the  principal  star.  But  if  the  satellite 
revolves  in  less  than  the  rotation  period,  the  orbital  period 
should  decrease. 

There  is  evidence  that  the  period  of  S Cephel  is 
2 

decreasing.  If  these  suspected  variations  of  period  are  accepted 

as  real  and  attributed  to  tidal  action,  the  deduction  that 

07  Aquilae  probably  rotates  faster  than  6 Cephei  follows. 

Since  either  a rotation  or  a pulsation  should  affect  the 

appearance  of  the  spectral  lines,  the  fact  that  the  lines  of 

'Tj  Aquilae  are  broader  than  those  of  S Cephei  is  wortiy  of  mention, 
^ 3 

6 Cephei  has  the  narrow  well  defined  spectral  lines  typical  of 

4 

giant  stars,  while  the  lines  of  07  Aquilae,  also  classed  with  the 
giant  stars  ”have  the  general  characteristics  of  breadth  and 
haziness,  which  tend  to  make  them  objectionable  for  purposes  of 
accurate  measurement".  In  a footnote  to  this  reference  the 
statement  is  made  that  "There  is  undoubtedly  a resemblance  between 
the  spectra  of  ^7  Aquilae  and  6 Cephei,  the  lines  of  the  latter 
being,  however,  better  defined,  - 
_ 

Plummer,  Monthly  Notices.  80.  507-09,  1920, 

Eddington,  Observatory . 42 . 338,  1919. 

Ludendorff,  Astronomische  Nachrlchten.  312 . 185,  1920, 
^Adams,  Observatory.  43 . 167-68,  1919,  ~ 

^Wright,  Astrophy8icar~Journal . 9,  60,  1899. 
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SlPwIi^ARY 

1 

1.  A series  of  photo-electric  observations  made  in  1930  ! 

gives  an  accurate  light-curve  for  Aquilae. 

i 

3.  The  observations  indicate  a long  period  or  irregular  | 

M 

variation  for  /3  Aquilae.  A progressive  decrease  of  0.05  is  found 
for  an  interval  of  three  months. 

3.  $ Aquilae,  which  has  been  announced  as  a spectro- 

scopic binary  of  unknown  period,  is  suspected  of  being  an  eclipsing 
variable  with  range  about  0?1,  but  no  period  has  been  found. 

4*  The  "secondary  maximum"  in  the  light-curve  of  7 Aquilae 

I 

is  confirmed  as  a pronounced  halt,  or  pause,  in  the  decrease  of  light 
Another  fluctuation,  with  maximum  about  phase  four  days,  is  indicated 

5.  Within  the  accuracy  of  the  measures  the  light-curve  did 
not  change  between  July  and  November  1930.  There  has  perhaps  been 

a shortening  of  the  interval  from  minimum  to  maximum  since  1900,  but 
accurate  curves  determined  with  the  same  photometric  equipment  and 
at  different  epochs  are  needed  for  a thorough  investigation  of  this 
point. 

6.  The  period,  between  1906  and  1930,  is  determined  by 
comparison  with  KohlschiSltter 's  photographic  observations,  Luizet’s 
tabulation  of  residuals  from  the  constant  period  7^176383  is  brought 
up-to-date  by  including  observations  of  1906-07,  1917,  and  1930, 

Both  methods  of  investigation  favor  an  increasing  period  at  present. 
The  evidence  is  decidedly  against  a perceptible  decrease  in  the  peri- 
od at  any  time  since  1784, 

7.  The  pulsation  hypothesis  demands  a shortening  of  the 
period,  while  according  to  the  older  binary  theory,  tidal  action  may 


::.-va5eJ3.j  or.'i  lo  >i 


ic5t  eviuo-irfsil  €iv‘>Jij;/ocMi  sll  tdvis 


*i  i : 1-  bc*i^aq  ^ a;  JiV’.TSacfo  srf' 


! I,'. 


\f 


ic\  ..  - ft 

1: 


• . IdVUSiJCi  £m  Tol 

'.  • '•  * ‘ ,,  V , ' 

• o'i ’■Q^r'9  4*  ^ rioirf'«v  "K 

"io  4 : eZ  tJ^oiTC  ; .'T 5'": j oi<jo  ’- 

. ':  r>'^?c<  iitn  on  cTj.'Co.e  *? -rTr-i  a;;-'  .eXrf,.-liiiv  i 


'to  ;.i  " lO'.Tii.xrfi'  ^liitycrooai*''  *r 


Ih 


il  io  !>r'..  rti  4 j a-  Dv^aiiinoo  2t 


. 1 


- *■  t 


:r  jil'  *i  . o'i  OGJu,’.  ' Tij-:::  ...rxZxja,*?  iTijIw  -leiMi 


ijlr  :';v;.\  - :i;'r  •■'Ot  3 1 iO ' \ ^^TX-’OCiS  ‘ 

^'uoiiT  ..  *-tX  ‘iionu?vo*'  f n^/ *■  - 'fitfid 
\ it 4'/  .v^CrX  60.- oJ"  . ..  ^.*4i;’.  ..rtil  XteVTeTni  ■?  ::^nta'itzo6Q  ~ 

fcrria  fft i;  : .0  oi':?  • inoJ  or.  ’ ?.-a6»s.  Js’/.-ft  to^u'-.o.  n" '.f  . /^uo  oifjyTJL'ooi! 


a;:  ; ':o  c.o i . .s"  ir.  -■v*:i;  /r  ..c'lz a: 


f ..  A 


‘ ij.i.-'  C7  : ^ja 

. .oioq 


t i 


■■  yj-X:.r_Xfr,-ii-  .-V  4j:  ,0Lh’,L  dvQX  notified  ^bOjL-jSii  er^' 


. .io  ^r«v:  ‘ ?’5:.  o ' d^iV3  r^c^XiJsqaoo 


i ^r’':3'L*:d  : 


•'  r ^ 


-n  r*  tr  -r 


r ocf rr.Av ' . : ^^r.t  r^ci'i:  aX^vJtXBOT:  3ro  fto  Z^aXt-'dAi 
Vo  : :\3v-'eado  yd  st.-xj-Ow -qju 

xq  r;  doxooo  -'7  . .i  .u  Xv/Vjit  oo •JbOA'l^sa  /f?cS 

I 

r-.4'j«4  odt  r.t  "■siikOto&^  f. I':’ j ■t  rc'ciDo  -'  •+=■*- ‘ C'v4;  vlbtfli: 'x  t si  V?  ?xfi 

>5VI  oor-.ia  oslv+  <rT^  tii  to 

(ad7  1 0 \ ?:? 3 x:'v9  JL'i  . . : • : .•  7 : , y**  «-  i Ijsa Xitq  ndT  , > 

nclJCMs  L^ciz-  tVxo!jr'j  y-:....J-d  tfi-Ic  t.'-.'  os  n^'il/Jioooja  ei  idvv'  ^thOXTOq  j ] 


41 

increase  or  decrease  the  period.  Other  investigators  have  found 
evidence  of  a decrease  in  the  period  of  S Cephei, 

Either  pulsation  or  rotation  should  affect  the  spectral 
lines  of  a star.  Attention  is  called  to  the  evidence  that  the 
lines  of  Tj  Aquilae  are  broader  than  those  of  S Cephei,  which  have 
been  examined  for  a pulsation  effect. 
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